ORTHOSYMPLECTIC LIE SUPER ALGEBRA ノ ユメミル モノ SUPER UNITARY ヒョウゲン グン ノ ヒョウゲンロン ト トクシュ カンスウ by 西山, 享
Title Orthosymplectic Lie super algebra の夢見るもの : superunitary表現(群の表現論と特殊関数)
Author(s)西山, 享








Orthosymplectic Lie super algebra
– super unitary
(Kyo NISHIYAMA)
Lie super algebra Lie super
algebra VKac [10]
Lie super algebra (unitary ”
Lie super algebra unitary
$[6]$ $[5]$ [4] [4]
orthosymplectic algebra unitary
Lie super algebra orthosymplectic
algebra unitary
$[12]$ $[13]$ $[14]$ $[15]$
1 Lie super algebra $\succeq$ orthosymplectic algebra
Lie super algebra $Z_{2}$-graded $g=g_{0}\oplus g_{1}$
(0) $-(2)$ $[, ]$ Lie super algebra
(0) $g$ $Z_{2}$-graded algebra $[g_{i}, g_{j}]\subset g_{i+j}$
(1) super symmetry
$[x, y]=-(-1)^{\deg(x)\deg(y)}[y, x]$ ( $x,$ $y\in g$ : homogeneous)
(2) super Jacobi identity




g0 g (even part) gl (odd part)
Lie super algebra $V=V_{0}\oplus V_{1}$
$Z_{2^{-}}graded$ vector $V$ Z2-grading
$i\in Z_{2}$
$g1(V)_{i}=\{x\in g1(V)|xV_{j}\subset V_{1+j}(j=0,1)\}$
bracket $[x, y]=xy-(-1)^{\deg(x)\deg(y)}yx$ super Jacobi
identity g1(V) Lie super algebra
1.1 $g=g_{0}\oplus g_{1}$ Lie super algebra $g$ Lie super algebra $g^{1}(V)$
$g$ $V$ $V$
$V$ Lie super algebra $g$
1.2 Lie super algebra $g$ super unitary
$V$ super Hermite 1 $(, )$ (0) $-(2)$
(0) $(V_{0}, V_{1})=0$
(1) $V_{0}$ $(, )$ $\delta=\pm 1$
$\delta\sqrt{-1}( , )$
$\circ$ 6 associated constant
(2) $g$ super Hermite $(, )$
$(Xv, w)+(-1)^{\deg(X)\deg(v)}(v, Xw)=0(X\in g, v, w\in V)$
$g,$ $V$
super unitary unitary




g1(V) orthosymplectic Lie super algebra
orthosymplectic algebra Lie super algebra
VKac [10] $B(m, n)$ $C(n)$ $D(m, n)$
orthosymplectic algebra
$b( , )$ $V=$ V0\oplus V1 super skew symmetric
$b( , )$ super skew symmetric
$b(v, w)=-(-1)^{\deg(v)\deg(w)}b(w, v)$ ( $v,$ $w\in V$ : homogeneous)
$b(v, w)=b(w, v)=0$ $(v\in V_{0}, w\in V_{1})$
$g^{1}(V)$ $b(, )$
$osp(b)$ orthosymplectic algebra $b(, )$
$V_{0}$ $\dim V_{0}=2L,$ $\dim V_{1}=M$
$(2L+M)\cross(2L+M)-$ $B$
$B=\{\begin{array}{lll}0 1_{L} 0-1_{L} 0 00 0 1_{M}\end{array}\}$
$V_{0},$ $V_{1}$ $B$ $V$
$B(v, w)=c_{vBw}$ $(v, w\in V)$
$V$ super skew symmetric
$v,$ $w\in V$ $osp(B)$ $osp(2L, M)$
$V$ $F$ $F$ $osp(2L, M;F)$
2 Oscillator
$osp$ ( $2L,$ $M$ ; IR) unitary oscillator
super Heisenberg algebra Clifford-Weyl algebra
3
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V super skew symnetric $b(, )$
(V, b) Clifford-Weyl algebra $C(V, b)$ $V$
$xy-(-1)^{\deg(x)\deg(y)}yx=b(x, y)$ ( $x,$ $y\in V$ : homogeneous)
$C(V, b)$ $V$ $Z_{2^{-}}grading$
$Z_{2^{-}}grading$ $C(V, b)$ super algebra
2.1 $b$ $osp(b)$ $C(V, b)$
$x,$ $y\in V$
$m(x, y)=xy+(-1)^{\deg(x)\deg(y)}yx\in C(V, b)$
$L(b)=<m(x, y)|x,$ $y\in V$ :homogeneous $>/vector$ space
$C(V, b)$ bracket
$[u, v]=uv-(-1)^{\deg(u)\deg(v)}vu$ $(u, v\in C(V, b))$
$L(b)$ Lie super algebra












2.2 $(V, b)$ super skew synmetric
(V, b) super Heisenberg algebra $H(V, b)$ $Z_{2^{-}}grading$
$H(V, b)_{0}=V_{0}\oplus Fz$ , $H(V, b)_{1}=V_{1}$
bracket
$[x, y]=b(x)y)z$ $(x, y\in V)$ , $[H(V, b), z]=[z, H(V, b)]=0$
Lie super algebra $z$ $V$ $F$
2.3 $U(H)$ $H=H(V, b)$ $\psi$ : $U(H)arrow C(V, b)$
$\psi(x)=x$ $(x\in V)$ , $\psi(z)=1$
$U(H)$
2.4 $\mathcal{X}$ $H(V, b)$ $z$ 1 $\mathcal{X}$ $C(V, b)^{\wedge}$
$=$ $(C(V, b)$ )
1 1
$H$ $U(H)$
$\varphi$ : $\mathcal{X}arrow\sim C(V, b)^{\wedge}arrow$ ($osp(b)$ )
$\varphi$
2.5 $(\rho’, E)$ $H(V, b)$ unitary $\rho(z)=\not\in-1$
(1) $\rho(x)=\exp(-\frac{\pi}{4}\sqrt{-1})\rho’(x)$ $(x\in V)$ , $\rho(z)=1$ $(\rho, E)\in \mathcal{X}$




$E$ unitary $(, )$ $x\in V_{f,y}\in V_{\eta}$ ( $\xi,$ $\eta$ $0$ 1)
$\rho’$ unitary $v\in E_{\nu},$ $w\in E_{\omega}$
$( \rho(x)v, w)=(\exp(-\frac{\pi}{4}\sqrt{-1})\rho’(x)v, w)=-\exp(-\frac{\pi}{4}\sqrt{-1})(-1)^{\xi\nu}(v, \rho’(x)w)$
$=- \sqrt{-1}(-1)^{\xi\nu}(v, \exp(-\frac{\pi}{4}\sqrt{-1})\rho’(x)w)=\sqrt{-1}(-1)^{\xi\nu}(v, \rho(x)w)$
$(\rho(x)\rho(y)v, w)$ $=$ $\sqrt{-1}(-1)^{\xi(\eta+\nu)}(\rho(y)v, \rho(x)w)$
$=$ $-(-1)^{\xi(\eta+\nu)}(-1)^{\eta\nu}(v, \rho(y)\rho(x)w)$
$=$ $-(-1)^{(\xi+\eta)\nu}(-1)^{\xi\eta}(v, \rho(y)\rho(x)w)$
$m(x, y)\in L(b)\simeq osp(b)$
$(\varphi(\rho)(m(x, y))v,$ $w$ ) $=$ $(\varphi(\rho)(xy+(-1)^{\xi\eta}yx)v, w)$
$=$ $(\rho(x)\rho(y)v, w)+(-1)^{\xi\eta}(\rho(y)\rho(x)v, w)$
$=$ $-(-1)^{(f+\eta)\nu}(-1)^{\xi\eta}(v, \rho(y)\rho(x)w)-$
$(-1)^{(\xi+\eta)\nu}(v, \rho(x)\rho(y)w)$
$=$ $-(-1)^{(\xi+\eta)\nu}(v, \varphi(\rho)(m(x, y))w)$
$\deg m(x, y)$ $=\xi+\eta$ $\varphi(\rho)$ unitary
(1) $\exp(-\frac{\pi}{4}\sqrt{-1})$ $\exp(-\frac{\pi}{4}\sqrt{-1})=e_{X}p(\frac{3}{4}\pi\sqrt{-1})$
(2) $\rho’(z)=$ - /: $\exp(-\frac{\pi}{4}\sqrt{-1})$ $\pm\exp(\frac{\pi}{4}\sqrt{-1})$
\S 1 super skew symmetric $B(, )$
$H(V, B)$ $(\rho’, E)$ $\mathbb{C}[z_{i}|1\leq i\leq L]$ $\{z_{1}|1\leq i\leq L\}$





$E_{k}=\mathbb{C}[z:|1\leq i\leq L]\otimes C(r_{j}|1\leq j\leq m)_{k}$ $(k=0,\oplus$
$C(r_{j}|1\leq j\leq m)_{0}$ $C(r_{j}|1\leq j\leq m)$ $|1\leq j\leq m$}
$C(r_{j}|1\leq j\leq m)_{1}$
$H(V, B)$ $V$ $\{e_{i}|1\leq i\leq 2L+M\}(e_{i}$ $i$ 1
$0$ )
$p;=e$; $(1 \leq i\leq L)$ , $q_{i}=e_{L+i}$ $(1 \leq i\leq L)$ ,
$c_{j}=e_{2L+j}$ $(1\leq j\leq M)$
$\rho’(z)=$ ’=
$\rho’(p;)=\frac{1}{\sqrt{2}}(z;-\frac{\partial}{\text{\^{a}} z:})\otimes 1$ $(1\leq i\leq L)$
$\rho’(q_{i})=-\frac{\sqrt{-1}}{\sqrt{2}}(z:+\frac{\partial}{\partial z_{i}})\otimes 1$ $(1\leq i\leq L)$
$\rho’(c_{2l-1})=1\otimes T^{1_{2}}\exp(\frac{\pi}{4}\sqrt{-1})r_{t}$ $(1 \leq l\leq[(M+1)/2])$
$\rho’(c_{2t})=1\otimes\frac{1}{\sqrt{2}}\exp(\frac{\pi}{4}\sqrt{-1})\sqrt{-1}r_{t}\alpha_{t}$ $(1 \leq\ell\leq[M/2])$
$\alpha_{t}$ Clifford $C(r_{j}|1\leq j\leq m)$
$\alpha_{\ell}(r_{j})=(-1)^{\delta_{lj}}r_{j}$ $(1\leq j\leq m)$
$(\rho’, E)$ $H(V, B)$
$\rho’(z)=-\not\in 1$ $\exp(\frac{\pi}{4}\sqrt{-1})$ $\exp(-\frac{\pi}{4}\sqrt{-1})$




{ $\frac{1}{\sqrt{k!}}z^{k}\otimes r_{j_{1}}r_{j_{2}}\ldots r_{j_{t}}|k\in Z_{\geq 0}^{L},0\leq j_{1}<j_{2}<\ldots<j_{t}\leq m,$ $t$ }
$E_{0}$





$\rho(p_{i})=_{5^{1_{2}}}\exp(-\frac{\pi}{4}\sqrt{-1})(z:-\frac{\partial}{\partial z:})\otimes 1$ $(1 \leq i\leq L)$
$\rho(q;)=-\sqrt{2}^{\exp(-\frac{\pi}{4}\sqrt{-1})(z_{i}}\sqrt{-1}+\frac{\partial}{\partial z_{i}})\otimes 1$ $(1 \leq i\leq L)$
$\rho(c_{2l-1})=1\otimes\ovalbox{\tt\small REJECT}_{2^{r_{t}}}^{1}$ $(1 \leq\ell\leq[(M+1)/2])$
$\rho(c_{2t})=1\otimes\not\in-1r_{t}\alpha_{t}2$ $\langle$ $1\leq\ell\leq[M/2]$ )
$\sim$






\S 2 oscillator $osp$ ( $2L,$ $M$ ; IR) unitary
unitary
$osp(2L, M;C)$ \S 1 $B$
$B_{p}=\{\begin{array}{llll}0 1_{L} 0 0-1_{L} 0 0 00 0 1_{M-p} 00 0 0 -1_{p}\end{array}\}$
$osp(B_{p})$ $osp(2L, M;C)$
$osp(2L, M;\mathbb{C})$ $osp(B_{p})$ $(0\leq p\leq[M/2])$
([10]) $osp$ ( $2L,$ $M$ ; IR) compact type
unitary
3.1 orthosymplectic algebra $osp(B_{p})$ $(0\leq p\leq[M/2])$ $p\neq 0$
admi-ssible2 unitary $p=0$ $osp(B_{0})=osp$ ( $2L,$ $M$ ; IR)
adnissible unitary
$p\neq 0$ $(\rho, E)$ $g$ unitary $\xi\in g_{1}$
$\rho([\xi, \xi])$
( 3.3 ) $p=0$
unitary $osp$ ( $2L,$ $M$ ; IR)
$g=osp$ ( $2L,$ $M$ ; IR) $g_{0}$





$h=\{X=\{\begin{array}{lll}0 E 0-E 0 00 0 D\end{array}\}|E=\{\begin{array}{lll}a_{1} \ddots a_{L}\end{array}\}$ ,
$D=\{\begin{array}{llll}b_{1}u \ddots b_{[M/2]}u 0\end{array}\}a_{i},$ $b_{j}\in IR,$ $u=(\begin{array}{ll}0 1-1 0\end{array})\}$ (1)
( $D$ $0$ $M$ )
$g_{0}$ Cartan $h$ $g$ Cartan
$(\rho, E)$ admissible $(\rho, E)$ $k$
reductive Lie
$h$
$E= \sum_{\lambda\in h_{\mathbb{C}}^{e}}\oplus E_{\lambda}$
; $E_{\lambda}=\{v\in E|\rho(x)v=\lambda(x)v(x\in h)\}$
$E_{\lambda}\neq\{0\}$ $\lambda\in$ $(\rho, E)$ weight
$g$ $g_{\mathbb{C}}=g\otimes_{R}\mathbb{C}$ admissible
$g_{\mathbb{C}}=\sum_{\alpha\in h_{\mathbb{C}}^{*}}\oplus_{g_{\mathbb{C}}(\alpha);}g_{\mathbb{C}}(\alpha)=\{y\in g_{\mathbb{C}}\neg|[x, y]=\alpha(x)y(x\in h)\}$
weight $g_{\mathbb{C}}(0)=h_{\mathbb{C}}$ $0$ weight $\alpha$ $(g, h)$
(root) $g=osp$( $2L,$ $M$ ; IR) $g_{\mathbb{C}}(\alpha)(\alpha\neq 0)$
$(g_{0})_{\mathbb{C}}$ $(g_{1})_{t}$ $g_{\mathbb{C}}(\alpha)\subset(g_{0})_{\mathbb{C}}$
$\alpha$ (even root) $g_{\mathbb{C}}(\alpha)\subset(g_{1})_{\mathbb{C}}$ (odd root)
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orthosymplectic algebra $h$ $\{e_{i}|$
$1\leq i\leq L\}$ $\{f_{j}|1\leq j\leq m\}$ (1) $X$
$e_{i}(X)=\sqrt{-1}a;,$ $f_{j}(X)=\sqrt{-1}b_{j}$
$osp$ ( $2L,$ $M$ ; IR)
$\pm 2e:(1\leq i\leq L),$ $\pm e_{i}\pm e_{j}(1\leq i\neq j\leq L)$ ,
$\pm f_{1}\pm f_{j}(1\leq i\neq j\leq m)$
( $M$ $\pm f_{j}(1\leq j\leq m)$ )
$\pm e_{t}\pm f_{j}(1\leq i\leq L, 1\leq j\leq m)$
$\Sigma_{0\text{ }}$ $\Sigma_{1}$ $\Sigma=\Sigma_{0}\cup\Sigma_{1}$
Lie (positive roots)
$\Sigma_{0}^{+}=\{2e_{i}\}\cup\{e_{i}\pm e_{j}|i<j\}\cup\{f_{i}\pm f_{j}\downarrow i<j\}$
( $M$ $\{f_{j}\}$ ),
$\Sigma_{1}^{+}=\{e:\pm f_{j}\}$ , (2)
$\Sigma^{+}=\Sigma_{0}^{+}\cup\Sigma_{1}^{+}$
(simple roots)
II $=\{e_{i}-e_{i+1}|1\leq i\leq L-1\}\cup\{e_{L}-f_{1}\}$
$\cup\{f_{j}-f_{j+1}|1\leq j\leq m-1\}\cup\{f_{m-1}+f_{m}\}$
( $M$ $\{f_{m-1}+f_{m}\}$ $\{f_{m}\}$ )
V.Kac $\Sigma$ (root system)
$\Sigma$ Bourbaki ([2] )
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$\alpha\in\Sigma$ $\alpha$ $X_{\alpha}\in g_{\mathbb{C}}$
3.2 orthosymplectic algebra $(\rho, E)$ weight (highest weight
module) $v\in E$ (0) $-(2)$
(0) $E$ $v$
(1) $v$ $\rho(h)$ weight
(2) $\alpha\in\Sigma^{+}$ $\rho(X_{\alpha})v=0$
$v$ weight (highest weight vector)





3.3 $osp$ ( $2L,$ $M$ ; IR) admissible unitary associated constant $\delta$
(1) $6=-1$ weight weight
$\lambda=\sum_{=1}^{L}\lambda_{i}e_{i^{\backslash }}+\sum_{j=1}^{m}\mu_{j}f_{j}$ (3)
$\lambda_{i}-\lambda_{j}\in Z$ $\mu_{i}\pm\mu_{j}\in Z(i\neq j)$ ( $M$ $\mu_{i}$ $\in Z$ )
$0\leq\lambda_{1}\leq\lambda_{2}\leq\cdots\leq\lambda_{L}$;
$\mu_{1}\leq\mu_{2}\leq\cdots\leq-|\mu_{m}|$ ; $|\mu_{1}|\leq\lambda_{1}$
( $M$ $|\mu_{m}|$ $\mu_{m}\leq 0$ )
12
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(2) $\delta=1$ weight weight (3)
$\lambda_{i}-\lambda_{j}\in Z$ $\mu_{i}\pm\mu j$ $\in Z(i\neq j)$ ( $M$ $\mu_{i}\in Z$ )
$0\geq\lambda_{1}\geq\lambda_{2}\geq\cdots\geq\lambda_{L}$ ;
$\mu_{1}\geq\mu_{2}\geq\cdots\geq|\mu_{m}|$ ; $\mu_{1}\leq|\lambda_{1}|$
( $M$ $|\mu_{m}|$ $\mu_{m}\geq 0$ )
$M$ (1)
$\xi\in g_{1}$ $[\xi, \xi]$ Cartan $h$ $\lambda$ admissible
unitary $(\rho, E)$ weight
$\delta\sqrt{-1}\lambda([\xi, \xi])\geq 0$ $(6$ $(\rho, E)$ associated constant)
$v\in E$ $E$ unitary $(, )$
$\lambda([\xi, \xi])(v, v)=(\rho([\xi, \xi])v, v)$
$=(2\rho(\xi)^{2}v, v)=-2(-1)^{deg(v)+1}(\rho(\xi)v, \rho(\xi)v)$
$v\in E_{0}$ $(v, v)>0,6\sqrt{-1}(\rho(\xi)v, \rho(\xi)v)\geq 0$
$\delta\sqrt{-1}\lambda([\xi, \xi])=2\frac{6\sqrt{-1}(\rho(\xi)v,\rho(\xi)v)}{(v,v)}\geq 0$
$v\in E_{1}$
orthosynplectic algebra $g=osp$( $2L,$ $M$ ; IR) \S 2 $\{p;, q;, c_{j}\}$
Clifford-Weyl algebra
(1) a $X \sum_{i=1}^{L}\frac{a_{i}}{4}(m(p_{i},p_{i})+m(q_{i}, q_{i}))+\sum_{j=1}^{m}\frac{b_{j}}{2}m(c_{2_{J}-1}, c_{2j})$




$m(p_{i}, c_{j-1})\pm m(q_{i}, c_{j})\in g_{1}$
$\delta\sqrt{-1}\lambda(m(p_{i},p;)+m(q_{i}, q_{i}))\pm 2\delta\sqrt{-1}\lambda(m(c_{2j-1}, c_{2j}))\geq 0$
(1) $6=-1$
$\lambda_{i}\geq 0$ , $|\mu_{j}|\leq\lambda_{i}$
$(\rho, E)$ weight $g$ weight $\lambda$ $k$
weight (1)
4 super dual pair
4.1 $a_{1}$ $a_{2}$ orthosymplectic algebra $osp(b)$ Lie super algebra
$a_{1}\cross a_{2}$ super dual pair $a_{1}$ $a_{2}$ commutant
$\backslash ^{\backslash }$
’
(0) a1 $\cap a_{2}=[a_{1}$ , a$2]=0$
(1) $osp(b)$ Lie super algebra $b$ $[b, a_{1}]=0$ $b\subset a_{2\text{ }}$
(2) $osp(b)$ Lie super algebra $b$ $[b, a_{2}]=0$ $b\subset a_{1\text{ }}$
$a_{1}$
$\cross$ a2 super dual pair Lie
$a_{1}$ $a_{2}$ Lie
super dual pair [7]
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$osp$ ($2N,$ $N$ ; IR) $a_{1\text{ }}a_{2}$
$a_{1}=\{\{\begin{array}{lll}a1_{N} b1_{N} d1_{N}c1_{N} -a1_{N} e1_{N}-e1_{N} d1_{N} 0\end{array}\}|a,$ $b,$ $c,$ $d,$ $e\in IR\}$ ,
$a_{2}=\{\{\begin{array}{lll}A A A\end{array}\}|A\in so(N)\}$ .
$a_{1}\simeq osp$(2, 1; IR) a2 $\simeq so(N)$ $osp$ ( $2N,$ $N$ ; IR) Lie
super algebra $a_{1}\cross a_{2}$ super dual pair
super dual pair oscillator
super dual pair orthosymplectic $al$gebra unitary
super dual pair
$osp$ ( $2LN,$ $MN$ ;IR) super dual pair : $osp(2L, M;1R)\cross so(N)$
$(2L, M)$- 3 super space $U=U_{0}\oplus U_{1}$ $U$ super skew symnetric
$B_{U}$ $B_{U}$ $U$ $\{u_{i}|1\leq i\leq 2L+M,$ $\deg u_{i}=$
$0(1\leq i\leq 2L),$ $\deg u_{2L+j}=1(1\leq i\leq M)$ }
$(B_{U}(u;, u_{j}))_{1\leq i,j\leq 2L+M}=\{\begin{array}{lll}0 1_{L} 0-1_{L} 0 00 0 1_{M}\end{array}\}$
$W=W_{0}$ $N$ $W$
$B_{W}$ $\{w_{j}|1\leq j\leq N\}$
$V=U\otimes W$
$V_{0}=U_{0}\otimes W_{0}$ , $V_{1}=U_{1}\otimes W_{0}$




$Z_{2}$-grading $V$ super skew synmetric $B$
$B(u\otimes w, u’\otimes w’)=B_{U}(u, u’)B_{W}(w, w’)$
$osp(B;V)\simeq osp$ ( $2LN,$ $MN$ ; IR)
$osp(B;V)$ $osp$ ( $2LN,$ $MN$ ; IR)
4.2
$a_{1}=$ { $X\otimes 1_{W}$ I $X\in osp(B_{U};U)$ },
$a_{2}=\{1_{U}\otimes Y|Y\in so(B_{W};W)\}$
$a_{1}\simeq osp$ ( $2L,$ $M$ ; IR) $a_{2}\simeq so(N)$ $a_{1}\cross a_{2}$ $osp$ ( $2LN,$ $MN$ ; IR)
super dual pair
$osp(B_{U};U)$ so$(B_{W};W)$ $U$ $W$
$g=osp$( $2LN,$ $MN$ ; IR) super dual pair
$a_{1}\cross a_{2}$ Clifford-Weyl algebra
$\overline{p}_{i}=u_{i},$ $\overline{q}_{i}=u_{L+i}$ $(1\leq i\leq L)$
$\overline{c}_{i}=u_{2L+i}$ $(1\leq i\leq M)$
$4\sim$
$p_{ij}=u_{i}\otimes w_{j},$ $q_{ij}=u_{L+:}\otimes w_{j}$ $(1 \leq i\leq L, 1\leq j\leq N)$
$c_{ij}=u_{2L+i}\otimes w_{j}$ $(1 \leq i\leq M, 1\leq j\leq N)$
$a_{1}\simeq<m(u_{i}, u_{j})|1\leq i,j\leq 2L+M>/IR\subset C(U, B_{U})$
$a_{2}\simeq<m(w;, w_{j})|1\leq i,j\leq N>/IR\subset C(W, B_{W})$
$a_{1},$ $a_{2}\llcornerarrow g$
$m(u_{i}, u_{j}) rightarrow\sum_{k=1}^{N}m(u;\otimes w_{k)}u_{j}\otimes w_{k})$
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$m(w_{i}, w_{j}) \mapsto\sum_{k=1}^{L}\{-m(p_{ki}, q_{kj})+m(p_{kj}, q_{k:})\}+\sum_{1=1}^{M}m(c_{ki}, c_{kj})$
$w= \sum_{k=1}^{N}B_{W}(w_{k}, w)w_{k}$ $(w\in W)$ ,
$u= \sum_{k=1}^{L}\{-B_{U}(q_{k}, u)p_{k}+B_{U}(p_{k}, u)q_{k}\}+\sum_{k=1}^{M}B_{U}(c_{k}, u)c_{k}$ $(u\in U)$
5 oscillator super dual pair
$g$ oscillator $(\rho, E)$ super dual pair $a_{1}\cross a_{2}$ $a_{1}\cross a_{2}$
$a_{1}\cross a_{2}$ $\tau\otimes\sigma(\tau\in\overline{a_{1}}, \sigma\in\overline{a_{2}})$
$\tau$ $a_{1}\simeq osp$( $2L,$ $M$ ; IR) unitary
$osp$ ( $2L,$ $M$ ; IR) unitary
5.1 $N=2n$ $osp$ ( $2N,$ $2N$ ; IR) oscillator $(\rho, E)$
$osp$ (2, 2; IR) $\cross so(N)$
$( \rho, E)\simeq\{\tau(n;0)\otimes\sigma^{+}(0, n)\oplus\sum_{k=-n}^{n}\oplus\tau(n;k)\otimes\sigma(0, n-|k|)\}\oplus$
$t=1 a\infty\{\tau(\ell+n;0)\otimes\sigma^{+}(\ell, n)\oplus\sum_{k=1-n}^{n-1}\oplus\tau(\ell+n;k)\otimes\sigma(\ell, n-|k|)\}$ ,
$\tau(\ell;k)$ $osp$ ( $2,2$ ; IR) weight $(\ell;k)$ weight $\sigma(l, k)$
so$(N)$ weight $(-l-1, -1, \cdots, -1,0, \cdots, 0)$ weight$-arrow$




5.2 $osp$(2, 2; IR) admissible unitary
(a) associated constant $\delta=-1$
(b) $Sp(2, |R)\cross SO(2)$
weight $(l;k)(l\geq|k|, \ell, k\in Z)$ weight
3.3 unitary associated constant $6=-1$
weight $( \ell;k)(l\geq|k|, \ell\in\frac{1}{2}Z)$ weight
b) $l,$ $k\in Z$ weight $k$
5.1 unitary
$M=2m\geq 4,$ $N=2n\geq 2$ \S 4
$osp$ ( $2L,$ $M$ ; IR) $\cross so(N)$ super dual pair $g=osp$($2LN,$ $MN$ ; IR)
$a_{1}=osp$ ( $2L,$ $M$ ; IR) $a_{2}=so(N)$
oscillator
$(\rho, E)$ $a_{1}\cross a_{2}$
5.3 orthosymplectic algebra : $osp$ ( $2L,$ $M$ ; IR) $(L\geq 1.’ M^{-}=2m\geq 4)$
weight $\lambda=\Sigma_{i=1}^{L}\lambda_{i}e_{i}+\Sigma_{j\mu j}^{m_{=1}}f_{j}$ ((3) ) weight $\lambda$
(a) (b) unitary
(a) $0\leq\lambda_{1}=\lambda_{2}=\cdots=\lambda_{k}<\lambda_{k+1}\leq\cdots\leq\lambda_{L}$ $L\leq\lambda_{1}+k$
(b) $\mu_{1}\leq\mu_{2}\leq\cdots\leq-|\mu_{m}|\leq 0$ $L-(\lambda_{1}+k)\leq\mu_{1}$
(a) (b) $\lambda$ weight weight $N=2\lambda_{1}$
$osp$ ( $2LN,$ $MN$ ; IR) oscillator
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$osp$( $2LN,$ $MN$ ; IR) oscillator $(\rho, E)$ $E$
$E=\mathbb{C}[z_{ij}|1\leq i\leq L, 1\leq j\leq N]\otimes C(r_{1j}|1\leq i\leq M, 1\leq j\leq n)$
$\rho(p_{8j})=\frac{1}{\sqrt{2}}\exp(-\frac{\pi}{4}\sqrt{-1})(z:j-\frac{\partial}{\partial z_{*j}})\otimes 1$ $(1 \leq i\leq L, 1\leq j\leq N)$
$\rho(q_{ij})=-\Leftrightarrow_{2}^{-1}\exp(-\frac{\pi}{4}\sqrt{-1})(z_{lj}+\frac{\partial}{\partial z_{*j}})\otimes 1$ $(1 \leq i\leq L, 1\leq j\leq N)$
$\rho(c_{i,2t-1})=1\otimes F^{1}2r_{i,t}$ $(1\leq i\leq M, 1\leq\ell\leq m)$
$p(c_{i,2t})=1 \otimes\frac{\sqrt{-1}}{\sqrt{2}}r_{i,t}\alpha_{i,t}$ $(1\leq i\leq M, 1\leq l\leq m)$
(\S 2 )
$E$ $osp(2L, M;1R)$ so$(N)$ weight
weight $\lambda$ , $\omega$ $\tau_{\lambda}\otimes\sigma_{\omega}$
$E$
$\tau_{\lambda}$ weight $\lambda$ $osp$ ( $2L,$ $N$ ; IR)
\mbox{\boldmath $\sigma$} weight $\omega$ so$(N)$ weight
super dual pair $a_{1}\cross a_{2}\simeq osp$ ( $2L,$ $N$ ; IR) $\cross so(N)$ $g=$
$osp$ ( $2LN,$ $MN$, IR)




$i_{t}\geq 0,$ $\min(L, n)\geq k\geq 0$ ,
$0=j_{1}=j_{2}=\cdots=j_{k}\leq j_{k+1}\leq j_{k+2}\leq\cdots\leq j_{n}\leq m$
$u$ $osp(2L, M;|R)$-weight
$\lambda_{:}=\sum_{L-i+1}^{k}i_{t}+n$ $(1\leq i\leq L)$ ;
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$\mu_{j}=-\#\{t|j_{t}\geq j\}$ $(1\leq j\leq m)$
$i_{t},$ $j_{t}$
(a) \mbox{\boldmath $\lambda$} $sp(2L, |R)$ unitary weight
weight [3] $sp$ ( $2L$ , IR) unitary weight
6
\S 5 unitary weight
$g_{\mathbb{C}}=osp(2L, M;\mathbb{C})$ Z-grading $\Sigma_{0}$
$sp$ ( $2L$ , IR) $\cross so(M)$ conpact $\Sigma_{c}$ non-compact
\Sigma n
$\Sigma_{c}=\{e_{i}-e_{j}|1\leq i\neq j\leq L\}\cup\{\pm f_{i}\pm f_{j}|1\leq i\neq j\leq m\}$
$\Sigma_{n}=\{e_{i}+e_{j}|1\leq i,j\leq L\}$
Lie $M=2m$
$\Sigma_{c}^{+},$ $\Sigma_{n}^{+}$ (2) \langle
$g_{\mathbb{C}}$ $g(i)(-2\leq i\leq 2)$
$g(\pm 2)$ $=$ $root- space(\Sigma_{n}^{\pm})$
$g(\pm 1)$ $=$ $root- space(\Sigma_{1}^{\pm})$







$g_{\mathbb{C}}$ Z-grading $k$ $g$ $g_{0}$
$k_{\mathbb{C}}=g(0)$
$q=\sum_{i=-2}^{0}g(i)\subset g_{\mathbb{C}}$
$q$ $g_{\mathbb{C}}$ 4 $g(0)=k_{\mathbb{C}}$
$\lambda\in h$ (3)
$\lambda=\sum_{i=1}^{L}\lambda_{i}e_{1}+\sum_{j=1}^{m}\mu_{j}f_{j}=(\lambda_{1}, \cdots, \lambda_{L};\mu_{1}, \cdots, \mu_{m})$
$\circ g$ $g_{0}\simeq sp(2L, |R)\cross so(2m)$ Lie $Sp(2L, |R)\cross$
$SO(2m)$ \mbox{\boldmath $\lambda$} $Sp$( $2L$ , IR) $\cross SO(2m)$ weight
5.3
a) $\lambda_{i}(1\leq i\leq L)$ $\mu_{j}(1\leq j\leq m)$
b) $L\leq\lambda_{1}\leq\lambda_{2}\leq\cdots\leq\lambda_{L};-\lambda_{1}\leq\mu_{1}\leq\mu_{2}\leq\cdots\leq-|\mu_{m}|$
$\lambda$ $g(0)=k_{\mathbb{C}}$ weight
$\tau(\lambda)$ $\tau(\lambda)$ $g(0)$ $g(-2)\oplus g(-1)$
$q$ 5 $\tau(\lambda)$
61 $\lambda$ (a)(b) $h$ $\tau(\lambda)$ $q$
$g$
$D(\lambda)=Ind_{q}^{g_{\mathbb{C}}}\tau(\lambda)=U(g_{\mathbb{C}})\otimes_{U(q)}\tau(\lambda)$




$s_{q}$ Lie super algebra $U=U_{0}\oplus U_{1}$
$\ovalbox{\tt\small REJECT}=$ ( $\tau(\lambda)$ ) $U_{1}=(0)$
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6.2 $D(\lambda)$ $osp$ ( $2L,$ $2m$ ; IR) $\lambda$
$\prod_{\beta\in\Sigma_{I}^{+}}<\beta,$
$\lambda>\neq 0$ (4)
$D(\lambda)$ adnissible unitary weight weight




$D(\lambda)$ $\lambda$ (4) \S 5 unitary
$D(\lambda)$
6.3 $(\omega, F)$ Lie super algebra $g$ admissible unitary $h$ $g$
Cartan $x\in h$
$Ch(\omega)(x)=Ch((\omega, F))(x)=trace(\exp\omega(x))$
$(\omega, F)$ (character) .
s-Ch$(\omega)(x)=s- Ch((\omega, F))(x)=s$-trace(exp $\omega(x)$ )
(super character) s-trace super trace
$D(\lambda)$
$D(\lambda)=U(g_{\mathbb{C}})\otimes_{U(q)}\tau(\lambda)=U(g(2)+g(1))\otimes c\tau(\lambda)$
$\simeq S(g\langle 2))\otimes_{\mathbb{C}}\wedge g(1)\otimes_{\mathbb{C}}\tau(\lambda)$
$S(\cdot)$ $\wedge(\cdot)$ Weyl








$Ch(D(\lambda))=\frac{\Sigma_{w\in W(\Sigma_{C})}\det w\exp w(\lambda-\delta)}{\exp(-\delta)\Pi_{\alpha\in\Sigma_{0}^{+}}(1-\exp\alpha)}\cdot\prod_{\beta\in\Sigma_{1}^{+}}(1+\exp\beta)$
$6=\frac{1}{2}\Sigma_{\alpha\in\Sigma_{0}^{+}}\alpha-\frac{1}{2}\Sigma_{\beta\in\Sigma_{1}^{+}}$ \beta
6.5 $D(\lambda)$
s-Ch $(D( \lambda))=\frac{\Sigma_{w\in W(\Sigma_{c})}\det w\exp w(\lambda-\delta)}{\exp(-\delta)\Pi_{\alpha\in\Sigma_{0}^{+}}(1-\exp\alpha)}\cdot\prod_{\beta\in\Sigma_{1}^{+}}(1-\exp\beta)$
6.4
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